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SUMMARY 

In view of the possibility of utilizing the engine compressor 
to supply compressed air for Jet-engine aircraft during flight, an 
investigation was conducted in the NACA Lewis altitude wind tunnel 
to determine the effect of compressor-outlet bleedoff on the per- 
formance of an axial-flow turbojet engine equipped with a variable - 
area exhaust nozzle. At a flight Mach number of 0.53, the engine 
was operated from 0.885 rated speed to rated speed at a pressure 
altitude of 25,000 feet and at 0.930 rated speed at a pressure alti- 
tude of 40,000 feet. At each condition the variable-area exhaust 
nozzle was locked in several positions and the bleedoff flow was 
varied from zero to approximately 0.10 of the engine air flow. 

At a pressure altitude of 25,000 feet and a flight Mach number 
of 0.53, increasing the bleedoff flow from 0 to 0.10 of the engine 
air flow reduced the maximum net thrust obtainable with the standard 
exhaust -nozzle area to 0.775 of the initial thrust. This decrease 
in thrust was accompanied by a rise in specific fuel consumption 
to 1.177 of the initial value and required a reduction in engine 
speed from rated speed to 0.954 rated speed to prevent exceeding 
the turbine-outlet temperature limit. During operation at con- 
stant engine speed with a given exhaust-nozzle area, the net thrust 
and engine total -pressure ratio decreased and the specific fuel con- 
sumption and engine total -temperature ratio increased approximately 
linearly with the bleedoff flow. Improvements in performance offered 
during operation with a variable-area exhaust nozzle as compared to 
performance with a fixed-area nozzle were insignificant at the bleed- 
off and operating conditions investigated. 


INTRODUCTION 

Current aircraft often require compressed air during flight 
for such purposes as ice protection or cabin pressurization and 
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conditioning. Because the quantity of air required varies consid- 
erably during a flight, any system that supplies sufficient air to 
satisfy the maximum demand will operate at a fraction of its total 
capacity during most of the flight. It is therefore doubly important 
that the supply system selected be of minimum weight and occupy a 
minimum of space. 

One method of supplying compressed air in jet-engine aircraft 
that is under investigation at the MCA Lewis laboratory consists 
in bleeding air from the compressor-outlet diffuser. This source 
of compressed air results in no weight or space penalty for the 
pumping equipment; however, compressor-outlet bleedoff will affect 
the engine performance. Use of compressor-outlet air might also 
require longer ducts than would be necessary for a separate source 
that allowed more flexibility in the choice of its location in the 
aircraft. An analytical method for calculating turbojet-engine 
performance with compressor-outlet bleedoff is presented in 
reference 1. 

In order to evaluate further the effect of compressor-outlet 
bleedoff on engine performance, an experimental investigation was 
conducted in the altitude wind tunnel using an axial-flow turbojet 
engine equipped with a variable-area exhaust nozzle. The engine 
was operated at two altitudes, a single flight Mach number, and 
several engine speeds. At each engine speed the effect of varying 
the compressor-outlet bleedoff flow was determined for several 
exhaust-nozzle-outlet areas. Results presented herein indicate the 
effect of compressor-outlet bleedoff on engine performance for both 
fixed -area and variable-area exhaust-nozzle operation. Temperature 
and pressure losses through the bleedoff ducting system are also 
discussed. 


INSTALLATION AND INSTRUMENTATION 

An axial-flow turbojet engine was installed in the test sec- 
tion of the altitude wind tunnel. A variable-area exhaust nozzle 
installed on the engine permitted, operation over a wide range of 
turbine -outlet temperatures at each engine speed and bleedoff -flow 
rate. Dry air was introduced to the engine through a duct from 
the tunnel make-up air system. This air was throttled from approxi- 
mately sea- level pressure to the desired pressure at the engine 
inlet, while the tunnel pressure was maintained to correspond to the 
desired altitude. Refrigeration coils in the make-up air system 
permitted control of the inlet-air temperature. 
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The bleed off system Installed on the engine is illustrated in 
figure 1. Compressor-outlet air was supplied to a manifold through 
four extraction ports incorporated in the compressor-outlet diffuser 
for the purpose of air bleedoff. The air passed from the manifold 
into a cylindrical duct extending rearward along the top of the 
engine and was then discharged into the tunnel test section. A 
butterfly valve was installed at the outlet of the bleedoff duct to 
control the bleedoff flow. The system was designed for a velocity 
through the manifold of approximately 300 feet per second when 
bleeding off 0.10 of the air at rated engine speed. The cross- 
sectional areas of the lower and upper portions of the manifold 
were 0.250 and 0.885, respectively, of the duct cross-sectional 
area. Wo insulation was installed on any part of the bleedoff system. 

Pressures and temperatures were measured at four stations in 
the engine: engine inlet, compressor outlet, turbine outlet, and 

tail pipe. A temperature and pressure survey was also installed 
18 inches upstream of the butterfly valve in the bleedoff duct. 

Cross sections of each measuring station indicating the temperature 
and pressure surveys are shown in figure 2. 


PE0CEDUKE 

The investigation was conducted at pressure altitudes of 

25.000 and 40,000 feet and at inlet pressures corresponding to a 
flight Mach number of 0.53. The inlet-air total temperature was 
maintained at approximately 30° F throughout the investigation. 

This temperature was selected because it represents the condition 
at which aircraft icing is most prevalent and therefore the condi- 
tion at which the maximum flow might be required from the bleedoff 
system. At an altitude of 25,000 feet, the engine was operated at 
0.885, 0.930, and 1.00 of rated speed, and at an altitude of 

40.000 feet the engine was operated at 0.930 of rated speed. These 
flight conditions and engine speeds were selected to approximate 
possible cruising conditions of jet-engine aircraft. 

At each flight condition and engine speed, performance data 
were obtained over a range of bleedoff flows with the variable- 
area exhaust nozzle locked in several positions. For each nozzle 
position, data were obtained along an operating line from a mini- 
mum limit of either a tail-pipe temperature of 1370° B or zero 
bleedoff flow to a max imum limit of either a tail-pipe temperature 
of 1665° E or a bleed off -flow rate of 0.10 of the engine air flow. 
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Thrust and air flows were calculated from pressure and temper- 
ature measurements at the several measuring stations, and fuel flow 
was measured with a calibrated rotameter. The effective exhaust - 
nozzle-outlet areas were calculated from measurements of exhaust- 
gas temperature, pressure, and flow rate. An average of the cal- 
culated exhaust -nozzle areas for any one locked nozzle position 
was used as the effective area for that operating line. Methods 
of calculating the performance variables and the effective nozzle 
areas are given in the appendix. 


RESULTS AND DISCUSSION 

In order to maintain constant engine speed while air is bled 
from the compressor outlet of a turbojet engine having a fixed 
exhaust-nozzle area, the enthalpy drop per unit flow through the 
turbine must be increased approximately in proportion to the fraction 
of air bled from the compressor outlet. It is characteristic of axial- 
flow turbojet engines having a fixed exhaust-nozzle area that such 
a required increase in enthalpy drop per unit flow through the tur- 
bine will increase the turbine-inlet and turbine -outlet total tem- 
peratures and decrease the turbine-outlet total pressure. A typi- 
cal set of data presented in figure 3 for 0.930 rated engine speed, 
an altitude of 25,000 feet, a flight Mach number of 0.53, and for 
several fixed-exhaust-nozzle areas indicates the trend of the tail- 
pipe total temperature, total pressure, net thrust, and specific 
fuel consumption with bleedoff flow. Exhaust-nozzle areas are 
given as fractions of a standard- nozzle area. This standard-nozzle 
area is defined as the effective area with which a tail-pipe total 
temperature of 1665° E, corresponding to an engine total-temperature 
ratio of 3.4, was obtained at rated engine speed, an altitude of 
25,000 feet, and a flight Mach number of 0.53. The net thrust and 
the specific fuel consumption obtained at each altitude with this 
standard- nozzle area and a tail-pipe total temperature of 1665° E, 
are referred to as net thrust at limiting temperature and specific 
fuel consumption at limiting temperature. 

The engine-inlet total temperature and pressure were approxi- 
mately constant; therefore, these data show that as the bleedoff 
flow was increased for any fixed exhaust-nozzle area, the tail- 
pipe total temperature was appreciably increased and the turbine- 
outlet total pressure was slightly reduced. The reductions in 
exhaust-gas flow and turbine-outlet total pressure with increased 
bleedoff flow had a greater effect on net thrust than the increase 
in tail-pipe total temperature, and the net thrust was therefore 
reduced (fig. 3(c)). It should be noted that during operation, at 
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this engine speed with zero bleedoff flow and the smallest nozzle 
area, the ratio of net thrust to the net thrust at limiting tem- 
perature was 1.0. The attainment of this thrust at 0.930 rated engine 
speed was possible because the slight decrease in air flow below 
the value at rated speed was accompanied by an improvement in com- 
pressor efficiency. The increased pressure and temperature energy 
removed from the engine as the bleedoff flow was increased resulted 
in a rise in specific fuel consumption (fig. 3(d)). With a given 
exhaust-nozzle area, the variations in the engine -performance param- 
eters presented in figure 3 were nearly linear with bleedoff flow. 
Except for the specific fuel consumption, the slope of the curves 
for each parameter was approximately the same for all exhaust-nozzle 
areas. The increase in specific fuel consumption with bleedoff flow 
was more pronounced with the largest exhaust -nozzle areas than with 
the smaller areas. The performance trends shown for this operating 
condition were similar to those for the other conditions investigated. 
Complete data for each flight condition are presented in table I. 

Effects of compressor-outlet bleedoff on the engine performance 
characteristics at altitudes of 25,000 and 40,000 feet are compared 
in figure 4. This increase in altitude from 25,000 to 40,000 feet 
with a constant engine speed, exhaust-nozzle area, flight Mach num- 
ber, and engine-inlet temperature raised the engine total-pressure 
ratio, total-temperature ratio, and ratio of net thrust to net thrust 
at limiting temperature by approximately a fixed increment throughout 
the range of bleedoff flows investigated. There was no consistent 
effect of altitude on the ratio of specific fuel consumption to spe- 
cific fuel consumption at limiting temperature. In explaining these 
trends, it should be pointed out that a reduction in compressor effi- 
ciency of approximately 0.04 accompanied this increase in altitude. 
Consequently, when operating with the standard-nozzle area, which 
gave limiting turbine-outlet temperature at rated speed and an alti- 
tude of 25,000 feet, limiting turbine-outlet temperature was obtained 
at approximately 0.98 rated engine speed at an altitude of 40,000 feet. 
The engine total -temperature ratio and engine total-pressure ratio 
at 0.93 rated speed were therefore higher at an altitude of 40,000 feet 
than at 25,000 feet. It also follows that the ratio of net thrust 
at 0.93 rated speed to net thrust at limiting temperature for an alti- 
tude of 40,000 feet was higher than the net- thrust ratio for an alti- 
tude of 25,000 feet. Although the specific fuel consumption was 
higher at an altitude of 40,000 feet than at 25,000 feet, there was 
no consistent effect of altitude on the ratio of specific fuel con- 
sumption to specific fuel consumption at limiting temperature, as 
might be expected. 
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The effect of compressor-outlet bleedoff on engine performance 
for operation with the standard -area nozzle at an altitude of 
25,000 feet and a flight Mach number of 0.53 is shown in figure 5. 
Eesults are presented for operation at maximum thrust as limited by 
a tail-pipe temperature of 1665° E, and at 0.85 and 0.75 of the net 
thrust at limiting temperature. These results were obtained from 
cross plots of data for each engine speed similar to the data in 
figure 3. With a tail-pipe temperature of 1665° E, the maximum 
obtainable thrust decreased nearly linearly to 0.775 of the net 
thrust at limiting temperature as the bleedoff flow was increased 
from 0 to 0.10 of the engine air flow. Accompanying this decrease 
in thrust was an increase in specific fuel consumption to 1.177 of 
the specific fuel consumption at limiting temperature, and a reduc- 
tion in engine speed to 0.954 of rated speed was required to maintain 
a constant tail-pipe temperature. During operation at constant 
thrust, the specific fuel consumption and the tail-pipe temperature 
increased as the bleedoff flow was raised, and an increase in engine 
speed was required to maintain constant thrust. Operation at 0.85 
rated net thrust was limited by the tail- pipe temperature to a maxi- 
mum bleedoff flow of 0.071 of the engine air flow. Variation of the 
performance with bleedoff flow calculated by the analytical method 
of reference 1 and using the characteristics of an axial-flow engine 
of different design was in favorable agreement with the experimental 
results. 

A comparison of the performance obtained at the limiting tail- 
pipe temperature of 1665° E with the standard-area nozzle and a 
variable-area nozzle, which permitted operation at constant engine 
speed, is presented in figure 6. Performance with the variable-area 
nozzle is shown for both rated engine speed and 0.93 rated speed. 

The maximum net thrust with the variable-area nozzle was from 0 
to 0.016 lower at rated engine speed and from 0 to 0.008 higher 
at 0.93 rated speed than with the standard-area nozzle. With the 
variable-area nozzle, the specific fuel consumption was from 0 
to 0.045 higher at rated speed and 0.013 to 0.020 lower at 0.93 
rated speed than with the standard-area nozzle. The slightly lower 
thrusts and higher specific fuel consumption obtained at rated 
speed than at 0.93 rated speed are associated with the negligible 
increase in air flow and the appreciable decrease in compressor 
efficiency accompanying an increase in engine speed from 0.93 rated 
speed to rated' speed. 

The variation of specific fuel consumption, tail-pipe tempera- 
ture, engine speed, and exhaust-nozzle area with bleedoff at 0.75 
of the net thrust obtainable at limiting temperature is shown in fig- 
ure 7 for operation with the standard-area nozzle and with the 


1329 


MCA EM E5CE17 


7 


variable-area nozzle at 0.93 rated speed, the engine speed at which 
the lowest specific fuel consumption was obtained at limiting tem- 
perature (fig. 6). The specific fuel consumption with the variable- 
area exhaust nozzle varied from 0.015 higher to 0.010 lower than 
that with the standard-area nozzle as the bleedoff flow was increased 
from 0 to 0.10 of the engine air flow. Throughout this range of 
bleedoff flows, the tail-pipe temperature differed by less than 10° F 
between the two methods of operation. An examination of all the data 
obtained shows that improvements in performance by use of a variable- 
area exhaust nozzle as compared to a fixed-area nozzle were 
insignificant . 

The performance data presented thus far have indicated the 
effect of compressor-outlet bleedoff on performance at specific 
operating conditions. Engine performance obtained with bleedoff at 
all operating conditions investigated can be summarized by the engine 
pumping characteristics, as shown in figure 8. These data, which are 
cross-plotted from data such as those presented in figures 3(a) end 
3(b), show the variation of engine total-pressure ratio with engine 
total-temperature ratio for several bleedoff flows, with lines of 
constant exhaust-nozzle area superimposed. Such curves are useful 
for selecting data at any bleedoff condition for the flight condi- 
tions and engine speeds investigated to determine the effect of 
bleedoff on the performance. 

Increasing the bleedoff flow at a given operating condition and 
exhaust -nozzle area shifted the operating point in the direction of 
increased engine total-temperature ratios and reduced engine total- 
pressure ratios, as indicated in figure 3. The trends of the pumping 
characteristics are in close agreement with those analytically deter- 
mined by the method of reference 1 for an axial-flow engine of dif- 
ferent design, except that between bleedoff flows of 0 and 0.03 
of the engine air flow, changes in engine total-temperature ratio 
with a constant exhaust -nozzle area were considerably greater than 
those analytically determined . A study of the data has shown that 
the relation between engine total-temperature ratio and engine total- 
pressure ratio is very sensitive to small changes in exhaust -nozzle 
area. A change in effective exhaust-nozzle area of approximately 
1 percent, which is within the accuracy of the calculated effective 
area, would account for the difference in trends between the experi- 
mental and analytical results. 
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An increase in altitude from 25,000 to 40,000 feet shifted the 
pumping characteristics in such a manner that, at a given bleedoff 
flow, exhaust -nozzle area, and engine speed, the engine total- 
temperature ratio was substantially increased with only a slight 
change in engine total-pressure ratio. Increasing engine speed with 
a given exhaust-nozzle area and bleedoff flow so shifted the pumping 
characteristics that both the engine total-temperature ratio and 
engine total -pressure ratio were raised considerably. 

The variation of the conditions at the compressor outlet and 
the bleedoff measuring station with bleedoff flow during operation 
at maximum thrust is shown in figure 9. As the bleedoff flow was 
raised from 0 to 0.10 of the engine air flow, with the attendant 
decrease in engine speed, the velocity in the bleedoff duct increased 
to 290 feet per second and the compressor-outlet total pressure, 
static pressure, and total temperature were reduced. Because the 
bleedoff flow was extracted from the compressor-outlet diffuser 
through flush openings in the diffuser wall, the compressor-outlet 
static pressure represents the maximum total pressure obtainable in 
the bleedoff duct. The total pressure in the duct with no bleedoff 
flow was equal to the compressor-outlet static pressure; however, 
as the flow was increased to 0.10 of the engine air flow, with the 
accompanying rise in bleedoff -flow velocity, the bleedoff total 
pressure dropped 0.6 of an atmosphere below the compressor-outlet 
static pressure. Temperature loss through the uninsulated duct 
between the compressor outlet and the bleedoff measuring station 
amounted to as much as 75° F at a bleedoff -flow rate of 0.02 of 
the engine air flow. As the bleedoff flow and consequently the 
velocity were raised, this temperature loss decreased rapidly and 
was only 5° F at 0.10 of the engine air flow. Bleedoff total tem- 
peratures at flow rates below 0.02 of the engine air flow are not 
shown because insufficient data were obtained to establish the trend 
of the curve between this flow and the no-flow condition. 


SUMMARY OF RESULTS 

Results of an experimental investigation to determine the 
effect of compressor-outlet bleedoff on engine performance are 
summarized as follows: 

1. For engine operation with the standard exhaust-nozzle 
area at an altitude of 25,000 feet and a flight Mach number of 
0.53, increasing the bleedoff flow from 0 to 0.10 of the engine 
air flow reduced the maximum net thrust, as limited by tail-pipe 
temperature, to 0.775 of the initial thrust, increased the specific 
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fuel consumption to 1.177 of the initial value, and required a speed 
reduction from rated engine speed to 0.954 of rated speed to prevent 
exceeding the tail-pipe temperature limit. 

2. Improvements in performance with bleedoff by use of a 
variable-area exhaust nozzle as compared to performance with a 
fixed -area nozzle were insignificant at the conditions investigated, 

3. During operation at constant engine speed with a fixed 
exhaust-nozzle area, an increase in bleedoff flow reduced the net 
thrust and engine total-pressure ratio and increased the specific 
fuel consumption and engine total-temperature ratio. These vari- 
ations were approximately linear with bleedoff flow. 

4. Increasing the altitude during operation with a given bleed- 
off flow, exhaust-nozzle area, and engine speed substantially 
increased the engine total-temperature ratio with only a slight 
change in engine total-pressure ratio. An increase in engine speed 
with a given exhaust-nozzle area and bleedoff flow substantially 
raised both engine total- temperature and total -pressure ratios. 

5. During operation at maximum thrust with the standard exhaust- 
nozzle area, an increase in bleedoff flow from 0 to 0.10 of the 
engine air flow, with the attendant decrease in engine speed, lowered 
the compressor-outlet total pressure, static pressure, and total tem- 
perature, and lowered the total pressure in the bleedoff duct from 

0 to 0.6 atmosphere below the compressor-outlet static pressure. The 
total-temperature loss from the compressor outlet to the bleedoff duct 
was reduced from 75° to 5° E as the bleedoff flow was raised from 0.02 
to 0.10 of the engine air flow. 


Lewis Flight Propulsion Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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APPENDIX - CALCULATIONS 
Symbols 

Tbe following symbols are used in this report: 

A area, sq. ft 

a speed of sound, ft/sec 

F n net thrust, lb 

g acceleration due to gravity, 32.17 ft/sec 2 

P total pressure, lb/sq ft 
p static pressure, lb/sq ft 

E gas constant, 53.4 ft-lb/(lb) (°F) 

T total temperature, °E 

V velocity, ft/sec 

¥ weight flow, lb/sec 

7 ratio of specific heat at constant pressure to specific heat 
at constant volume 

p density, lb/cu ft 

Subscripts : 

0 free -stream ambient 

1 engine inlet 

2 compressor outlet 

4 turbine outlet 

5 tail pipe 

a engine air 

b bleedoff survey station 
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c 


compressor- seal leakage air 


f fuel 


g exhaust gas 


j station at which jet reaches free -stream static pressure 


n exhaust nozzle 


Methods of Calculation 


Engine air flow. - The air flow into the compressor was obtained 
from measurements at the engine inlet (station l) and was calculated 
by the following equation: 


Bleed off flow. - The maxi mum velocity at the measuring station 
in the bleedoff duct was 290 feet per second; therefore, the flow 
was calculated by the incompressible-flow equation 


Use of this equation rather than the compressible-flow equation 
introduced a maximum error of less than 0.5 percent of the flow 
measurement . 

Net thrust. - Net thrust was calculated assuming no total- 
pressure loss through the tail pipe and complete expansion of 
the exhaust gases to ambient pressure by the following relation: 


w a,l = Pl A l 



2=1 

y - 1 


(i) 



( 2 ) 



( 3 ) 


where, assuming complete free-stream total -pressure recovery, 
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and 






(5) 


Because a more accurate turbine-outlet temperature measurement was 
obtained at station 5 than at station 4, was used in equa- 

tion (5) . The gas flow was calculated from 


Compressor-seal leakage air W c was measured by pressure and tem- 
perature instrumentation in the leakage line. 

Exhaust -nozzle area. - The effective exhaust-nozzle-outlet 
area was calculated assuming ambient pressure at the nozzle outlet 
when the jet was subsonic and critical pressure ratio at the noz- 
zle outlet when the jet was supersonic. When P^/pq was less 
than the critical pressure ratio, the nozzle area was determined 
from the relation 


W g = w a ,i - W b - w c + w f 


( 6 ) 



1 zl 
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When P 4 /P 0 exceeded the critical pressure ratio, the nozzle area 
was calculated from the equation 



( 8 ) 


Because 




and 
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then 


^ = 


W ETj- 

g .5 



( 9 ) 
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TABLE I - PERFORMANCE WITH COMPRESSOR-OUTLET BLEEDOFF 


Run 

Altitude 

(ft) 

Flight Mach number 

Ratio of engine speed to 
rated engine speed 

Ratio of bleedoff 
flow to engine air 
flow, W b /W a>1 

Tunnel static pressure, 
p 0 (lb/sq ft) 

Engine-inlet total 
pressure, P^ (lb/sq ft) 

Engine-inlet total 
temperature, T^ (°R) 

Ratio of net thrust 
to net thrust at 
limiting temperature 

Ratio of specific fuel 
consumption to consumption 
at limiting temperature 

Ratio of exhaust-nozzle 
area to standard nozzle 
area 

Average ratio of exhaust- 
nozzle area to standard 
nozzle area 

Engine total-pressure 
ratio, P 4 /P 1 

Tail-pipe total 
temperature, T 5 (°R) 

Engine total- temperature 
ratio, T 5 /T 1 

& 

> 

■p 

wrl 

O 

O 

r—i 

<V 

> 

0 
O Q) 

•g « 

<V 4-> 
rH 

CQ — * 

Ratio of compressor-outlet 
total pressure to ambient 
pressure, P 2 /P 0 

Ratio of compressor-outlet 
static pressure to ambient 
pressure, P 2 /P 0 

Compressor-outlet total 
temperature, To (°R) 

Ratio of total pressure at 
bleedoff station to ambient 
pressure, P b /p 0 

Bleedoff station total 
temperature, T b (°R) 

1 

25,000 

0.522 

0.885 

0 

781 

939 

486 

0.986 

0.979 

0.906 

0.906 

1.95 

1680 

3.46 

0 

5.81 

5.62 

826 

5.62 

758 

2 


.535 


0 

781 

949 

491 

.926 

.972 

.933 

.929 

1.85 

1598 

3.26 

0 

5.72 

5.52 

826 

5.52 

758 

3 


.541 


.026 

781 

952 

491 

.896 

1.008 

.923 

.929 

1.83 

1618 

3.30 

56 

5.66 

5.44 

820 

5.43 

788 

4 


.535 


.041 

781 

949 

494 

.879 

1.049 

.926 

.929 

1.82 

1656 

3.35 

93 

5.58 

5.38 

822 

5.29 

805 

5 


.543 


.052 

781 

954 

494 

.871 

1.069 

.930 

.929 

1.80 

1685 

3.41 

120 

5.51 

5.32 

816 

5.16 

B06 

6 


.533 


0 

781 

947 

491 

.880 

.961 

.943 

.943 

1.80 

1542 

3.14 

0 

5.61 

5.42 

821 

5.42 

756 

7 


.534 


.030 

781 

948 

492 

.842 

1.013 

.944 

.943 

1.76 

1570 

3.19 

68 

5.53 

5.32 

818 

5.29 

791 

8 


.538 


0 

779 

949 

491 

.866 

.959 

.951 

.946 

1.78 

1527 

3.11 

0 

5.63 

5.43 

820 

5.42 

754 

9 


.533 


.026 

781 

947 

489 

.823 

1.013 

.943 

.946 

1.75 

1541 

3.15 

60 

5.52 

5.32 

813 

5.30 

779 

10 


.531 


.048 

781 

946 

490 

.809 

1.038 

.945 

.946 

1.73 

1576 

3.22 

111 

5.42 

5.22 

810 

5.10 

795 

11 


.529 


.072 

781 

944 

493 

.788 

1.088 

.946 

.946 

1.72 

1625 

3.30 

178 

5.33 

5.14 

808 

4.83 

801 

12 


.542 


0 

781 

953 

485 

.828 

.952 

.968 

.951 

1.72 

1460 

3.01 

0 

5.57 

5.37 

807 

5.38 

742 

13 


.534 


.046 

781 

948 

483 

.788 

1.023 

.938 

.951 

1.72 

1502 

3.11 

103 

5.48 

5.27 

797 

5.18 

775 

14 


.535 


.071 

781 

949 

485 

.766 

1.085 

.952 

.951 

1.69 

1562 

3.22 

174 

5.36 

5.17 

797 

4.86 

789 

15 


.530 


.103 

781 

945 

475 

.766 

1.164 

.946 

.951 

1.70 

1614 

3.40 

276 

5.36 

5.16 

781 

4.50 

775 

16 


.530 


.042 

781 

945 

489 

.662 

1.044 

.987 

.991 

1.56 

1383 

2.83 

99 

5.20 

4.99 

801 

4.92 

783 

17 


.522 


.071 

781 

939 

487 
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TABLE I - PERFORMANCE WITH COMPRESS OR -OUT LET BLEEDOFF - Concluded 


§ 

K 

Altitude 

(ft) 

Flight Mach number 

Ratio of engine speed to 
rated engine speed 

Ratio of bleedoff 
flow to engine air 
flow, W./W , 

Tunnel static pressure, 
Pn (lb/sq ft) 

Engine-inlet total 
pressure, P-i (lb/sq ft) 

Engine-inlet total 
temperature, T-. (°R) 

Ratio of net thrust 
to net thrust at 
limiting temperature 

Ratio of specific fuel 
consumption to consumption 
at limiting temperature 

Ratio of exhaust-nozzle 
area to standard nozzle 
area 

Average ratio of exhaust- 
nozzle area to standard 
nozzle area 

Engine total-pressure 
ratio, P 4 /P 1 

Turbine- out let total 
temperature, Tg (°R) 

a; 

i 

al 

U 

9 

O. 

1 

+> 

1 

iH iH 

* EH 

o^b 

43 Eh 
<b ■> 

C O 

«H «H 
(3043 

G «S 
W U 

Bleedoff velocity, V. 
(ft/sec) b 

Ratio of compressor-outlet 
total pressure to ambient 
pressure, Po/Pn 

Ratio of compressor-outlet 
static pressure to ambient 
pressure, p 9 /p n 

Compressor-outlet total 
temperature, To (OR) 

Ratio of total pressure at 
bleedoff station to ambient 
pressure, Pv/p n 

Bleedoff station total 
temperature, T b (°R) 
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5.92 

875 
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1.79 

1713 

3.50 

127 

5.96 

5.72 

865 
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Bleedoff 




Figure 1. - Compressor-outlet bleedoff system installed on axial-flow turbojet engine. 




NACA RM E50EI7 


NACA RM E50EI7 


17 




Figure 2. - Temperature and pressure surveys installed at measuring stations 

in engine. 
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(b) Engine total-pressure ratio. 

Figure 3. - Effect of compressor-outlet bleedof f on engine performance. Altitude, 
25,000 feet; flight Mach number, 0.53; engine speed, 0.93 rated. 
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(c) Ratio of net thrust to net thrust at limiting temperature. 



(d) Ratio of specific fuel consumption to specific fuel 
consumption at limiting temperature. 


Figure 3. - Concluded. Effect of compressor-outlet bleedoff on engine performance* 
Altitude, 25,000 feet; flight Mach number, 0.53; engine speed, 0.93 rated. 
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(b) Engine total -pres sure ratio. 

Figure 4. - Effect of altitude on variation of engine performance with bleedoff flow. 
Engine speed, 0.93 rated; flight Mach number, 0.53. 
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Engine air flow' W a ^ 


(d) Ratio of specific fuel consumption to specific fuel 
consumption at limiting temperature. 

Figure 4. - Concluded. Effect of altitude on variation of engine performance with 
bleedoff flow. Engine speed, 0.93 rated; flight Mach number, 0.53. 
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(a) Ratio of net thrust to net thrust at limiting temperature* 
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(c) Ratio of engine speed to rated engine speed* 
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(d) Tail-pipe temperature. 


Figure 5. - Variation of engine performance with compressor -out let bleedoff* Altitude, 
25,000 feet; fli^it Mach number, 0.53; standard exhaust-nozzle area* 
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(a) Ratio of net thrust to net thrust at limiting temperature* 
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(c) Ratio of engine speed to rated engine speed* 



(d) Ratio of exhaust -nozzle area to standard nozzle area. 


Figure 6. - Comparison of engine performance variation with compressor-outlet 
bleedoff for operation with fixed- and variable-area exhaust nozzles at maximum 
net thrust. Altitude, 25,000 feet; flight Mach number, 0.53; tail-pipe 
temperature, 1665° R. 
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(b) Tail-pipe temperature. 





(c) Ratio of engine speed to rated engine speed. 
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(d ) Ratio of exhaust-nozzle area to standard nozzle area. 


Figure 7. - Comparison of engine performance variation with compressor -out let bleedoff 
for operation with fixed- and variable-area exhaust nozzles at 0.75 of net thrust 
obtainable at limiting temperature. Altitude, 25,000 feet; flight Mach number, 0.53. 
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(b) Rated engine speed; altitude, 25,000 feet* 


Figure 8. - Effect of compressor-outlet bleedoff on engine pumping 
characteristics* Flight Mach number, 0.53* 
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Engine total-temperature ratio, T^/T^ 

(d) Engine speed, 0.93 rated; altitude, 40,000 feet* 

Figure 8. - Concluded. Effect of compressor-outlet bleedoff on engine 
pumping characteristics. Flight Mach number, 0.53. 
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(a) Bleedoff flow velocity. 








Compressor outlet, P^Po 
Compressor outlet, Pq/Pq 
Bleedoff measuring station, P b /pQ 






— 




- c: 
















* - 


> 






















(b) Pressure ratio. 
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(c) Total temperature. 

Pigure 9. - Variation of conditions at compressor outlet and bleedoff -flow 
measuring station with bleedoff flow for operation at maximum thrust. 
Altitude, 25,000 feet; flight Mach number, 0.53; standard exhaust-nozzle 
area; turbine-outlet temperature, 1665° R. 
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